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Abstract 
Unilateral posterior crossbite is a wide-
spread, asymmetric malocclusion character-
ized by an inverse relationship of the upper
and lower buccal dental cusps, in the molar
and premolar regions, on one side only of the
dental arch. Patients with unilateral posterior
crossbite exhibit an altered chewing cycles and
the crossbite side masseter results to be less
active with respect to the contralateral one.
Few studies about morphological features of
masticatory muscle in malocclusion disorders
exist and most of these have been performed
on animal models. The aim of the present
study was to evaluate morphological and pro-
tein expression characteristics of masseter
muscles in patients affected by unilateral pos-
terior crossbite, by histological and immuno-
fluorescence techniques. We have used anti-
body against PAX-7, marker of satellite cells,
and against a-, b-, g-, d-, e- and z-sarcoglycans
which are transmembrane glycoproteins
involved in sarcolemma stabilization. By sta-
tistical analysis we have evaluated differences
in amount of myonucley between contralateral
and ipsilateral side. Results have shown: i)
altered fibers morphology and atrophy of ipsi-
lateral muscle if compared to the contralateral
one; ii) higher number of myonuclei and PAX-7
positive cells in contralateral side than ipsilat-
eral one; iii) higher pattern of fluorescence for
all tested sarcoglycans in contralateral side
than ipsilateral one. Results show that in uni-
lateral posterior crossbite hypertrophic
response of contralateral masseter and atroph-
ic events in ipsilateral masseter take place; by
that, in unilateral posterior crossbite malocclu-
sion masticatory muscles modify their mor-
phology depending on the function. That could
be relevant in understanding and healing of
malocclusion disorders; in fact, the altered bal-
ance about structure and function between
ipsilateral and contralateral muscles could,
long-term, lead and/ or worsen skeletal asym-
metries. 
Introduction
Interactions between cell and extracellular
matrix play a key role in mechanotransduction
transmitting forces across the plasma mem-
brane of muscle fibers and they are important
for muscular development during somitogene-
sis, cell migration from somites, correct inner-
vation, and muscle patterning.1-4 Several stud-
ies have shown that integrins play a key role in
myoblast migration from the somite and in
myotube formation.5,6 In the adult muscle, an
intact basement membrane-cytoskeletal link-
age is important for skeletal muscle stability
and integrity. In agreement with several
reports,7,8 we have supported a role of integrins
in the function of human adult skeletal mus-
cle9) and they have demonstrated a bidirec-
tional signaling between sarcoglycans and
integrins;10 this reciprocal control may deter-
mine the prevalence of one system over anoth-
er with a consequent transmission of different
messages to the sarcolemma-associated
cytoskeleton.9-11 We have shown the correlation
between sarcoglycans and integrins and force
of contraction in masticatory muscle of pri-
mates.12,13 Sarcoglycans are transmembrane
glycoproteins which connect extracellular
matrix to cytoskeleton; these proteins have
been long investigated in muscle tissue
because of their role in sarcolemma stabiliza-
tion during muscle activity; they are consid-
ered as important as dystrophin because a
mutation in genes encoding a-, b-, g- and 
d-sarcoglycans determines limb girdle muscu-
lar dystrophy (LGMD).14-17 Adult muscle fibers
are provided with quiescent mononucleated
myogenic cells, Satellite cells, that are located
between the sarcolemma and basement mem-
brane of terminally-differentiated muscle
fibers. These are normally quiescent in adult
muscle, but act as a reserve population of cells
able to proliferate in response to injury or exer-
cises, playing a role in routine maintenance,
repair and hypertrophy of adult muscle; thus,
satellite cells could give informations about
muscle plasticity in response to different work
load. Quiescent satellite cells express the
paired box transcription factor family member
Pax7.18 When activated, they coexpress Pax7
with MyoD,19-21 a key transcription factor for
myogenic differentiation and a member of the
myogenic regulatory factor (MRFs) family,
comprising MyoD, Myf5, myogenin and Mrf4.22
Most activated satellite cells then proliferate,
downregulate Pax7 and differentiate. By con-
trast, other proliferating cells maintain Pax7
but lose MyoD.
Unilateral posterior crossbite is a wide-
spread, asymmetric malocclusion character-
ized by an inverse relationship of the upper
and lower buccal dental cusps, in the molar
and premolar regions, on one side only of the
dental arch. Patients with unilateral posterior
crossbite exhibit an altered kinematics of the
mandible – reverse chewing cycles, and altered
coordination of the masseter muscles, during
mastication on the affected side, being the
masseter of the crossbite side less active with
respect to the contralateral and to controls.23,24
Few studies have observed morphological
features of masticatory muscle in malocclu-
sion conditions; some of these have been per-
formed on rat models showing an increment in
extracellular matrix remodeling in contralater-
al side, probably in response to masticatory
muscle remodeling and the presence of atroph-
ic events in crossbite side25 in addition to
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another study that has observed altered fiber
morphology in ipsilateral masseter after
occlusal wear.26 In human it has been shown
that types of malocclusion may have different
masseter lengths and orientations and these
differences may have implications for the
mechanical advantage in bite force.27 Previous
results, carried out on masseter muscle of uni-
lateral posterior crossbite patients, have
shown that the expression of integrins was
significantly lower in the crossbite side muscle
than contralateral masseter suggesting that
integrins could play a key role regulating the
functional activity of muscle and allowing the
optimization of contractile forces.28
Considering the important functional role of
the masseter during chewing and the serious
alterations of the muscular activation in condi-
tions of posterior crossbite malocclusion, we
planned, on the basis of the clinical findings,
an histological and immunohistochemical
study of the masseter to evaluate the morpho-
logical and protein expression aspects.
Materials and Methods
The work has been conducted in accordance
with the Declaration of Helsinki (1964) and it
has been performed with the understanding
and the consent of the human subjects. The
work was also approved by local ethics commit-
tee, the Institutional Review Board of the
University Hospital Health and Science
Complex Turin-Italy.Patients
Ten patients, 5 male and 5 females, 22.5±7
years old (mean ± standard deviation), with
severe skeletal class III (point-Nasion-B point
angle = – 2.6±1.5 mean ± standard deviation)
and unilateral posterior crossbites were
recruited to participate in this study. Patients
showed left (6 patients) and right (4 patients)
unilateral, posterior crossbite involving the
molar teeth; five of them were open bite and
five were deep bite. Inclusion criteria were as
follows: skeletal and dental severe, surgical
class III; posterior crossbite and presence of all
teeth (with the exception of the third molars).
Exclusion criteria were as follows: presence of
fixed or removable dental prosthesis; peri-
odontal disease; presence of craniofacial syn-
dromes or clefts; presence of inflammatory or
neuromuscular disorders.  
The patients received bilateral sagittal split
(BSSO) to reduce the mandibular excess.
Biopsies of masseter muscle have been with-
drawn from left and right sides for each
patients
Histological procedures
After withdrawal, the specimens were post-
fixed in 2% glutaraldehyde12.5% formalde-
hyde, buffered in 0.1 M sodium cacodylate, pH
7.4 at room temperature for 4 h. After rinses in
phosphate buffer 0.13 mol/L, pH 7.3, the speci-
mens dehydrated in ethanol and embedded in
paraffin. Five-μm-thick sections were obtained
in a LEICA microtome and stained with hema-
toxylin and eosin (H&E).
Using H&E stained sections we have per-
formed a count of myonuclei within 200 fibers
both of ipsi- and contralateral side.Immunofluorescence
The muscle biopsies were extracted and
were fixed in 3% paraformaldehyde in 0.2
mol/L phosphate buffer, pH 7.4. After numer-
ous rinses in 0.2 mol/L phosphate buffer and
phosphate buffered saline, 0.2 mol/L, pH 7.6
with 0.9% NaCl (PBS), they were infiltrated
with 12% and 18% saccharose and then they
were frozen in liquid nitrogen and were stored
at -20°C. By cryotomy, specimens have been
cut in 30 μm sections collected on glass slides
coated with 0.5% gelatine and 0.005% chromi-
um potassium sulphate. Two series of single
localization reactions have been performed: 1)
single localization for a-, β-, g-, d-, e- and z-
sarcoglycans; 2) single localization for PAX-7
positive cells (satellite cells). To block non-spe-
cific sites and to make the membranes perme-
able, the sections were pre-incubated with 1%
bovine serum albumin (BSA) and 0.3% Triton
X-100 in PBS at room temperature for 15 min.
Finally the sections were incubated with pri-
mary antibodies at room temperature for 2 h.
The following primary antibodies obtained
from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA) were used: goat polyclonal anti
a-sarcoglycan (diluted 1:100); goat polyclonal
anti β-sarcoglycan (diluted 1:100); goat poly-
clonal anti g-sarcoglycan (diluted 1:100); goat
polyclonal anti d-sarcoglycan (diluted 1:100);
goat polyclonal anti e-sarcoglycan (diluted
1:100); goat polyclonal anti z-sarcoglycan
(diluted 1:100); mouse monoclonal anti PAX-7
(diluted 1:100). All primary antibodies were
demonstrated with Texas-Red-conjugated IgG
anti goat (1:100 dilution; Jackson Immuno -
Research Lab., West Grove, PA, USA). The flu-
orochrome was applied for 1 h at room temper-
ature. After numerous rinses in phosphate
buffer and PBS the sections were incubated
with DAPI, diluted 1:1000 in PBS (Sigma
Aldrich, St. Louis, USA), for 10 min at room
temperature to label nuclei. Finally, the slides
were washes in PBS and sealed with mounting
medium. Confocal microscopy observations
Samples were observed with a Zeiss LSM
510 confocal microscope equipped with Argon
laser (458 nm and 488 nm) and two HeNe laser
(543 nm and 633 nm). All images were digi-
tized at a resolution of 8 bits into an array of
2048 x 2048 pixels. Optical sections of fluores-
cence specimens were obtained at 488 nm, at
62/s scanning shipped with up to 8 repetitions
on average. The phinole was set for optimal
resolution. Contrast and brightness were
established by examining the most brightly
labeled pixels and choosing settings that
allowed clear visualization of structural details
while keeping the highest pixel intensities
near 200. Digital images were cropped and fig-
ure montages prepared using Adobe
Photoshop 7.0.
Results Contralateral masseterHematoxilin-eosin
In masseter muscle of contralateral side it is
possible to observe a normal structure of mus-
cle tissue. The fibers present a healthy recti-
linear morphology (Figure 1 A,B), with a con-
sistent number of nuclei arranged at the
periphery and several myonuclei within the
fibers (Figure 1B). Immunofluorescence
The single localization reaction for PAX-7
show that in contralateral masseter muscle
there is an high number of satellite cells per
fiber which are located between the muscle
fiber sarcolemma and the basal lamina (Figure
2 A,B). The transmitted light shows healthy
morphology and orientation of fibers (Figure 2
A,B). Single localization reactions for a-sarco-
glycans show the presence of an uniform
staining pattern along the fibers (Figure 2C);
the same result was observed for β-, g-, d-, e-
and z-sarcoglycans (images no shown)Ipsilateral masseterHematoxilin-eosin 
The masseter muscle of crossbite side show
an altered structure as evidenced by the pres-
ence of fibers which show to have a convolute
morphology and loss of contractile elements.
By that, fibers appear chopped in small ele-
ments and each of them seem to have different
orientation (Figure 1 C,D). Moreover, it is pos-
sible to observe signs of atrophy, as evidenced
by the presence of very small fibers if com-
pared to the average size of the other fibers,
and low number of myonuclei within the fibers
(Figure 1C). Immunofluorescence
In the masseter muscle of crossbite side few
PAX-7 positive cells on the periphery of the
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fibers have been observed, if compared to con-
tralateral side (Figure 3 A,B); transmitted light
confirm the convolute morphology of fibers
(Figure 3). Moreover, images show a strong
reduction of fluorescence pattern along the
fibers for a-sarcoglycans (Figure 3C); the same
result was observed for β-, g-, d-, e- and z-
sarcoglycans (images not shown).
Discussion
In this report we have observed morphologi-
cal and protein expression aspects of the mas-
seter muscles of both sides of unilateral poste-
rior crossbite patients. Our results, have
shown relevant differences in muscle tissue
morphology and protein compositions between
ipsilateral and contralateral side. 
In ipsilateral side we found convolute and
chopped muscle fibers which appear as small
elements not oriented in the same direction;
serious signs of atrophy have been detected as
the loss of contractile elements in several
fibers and strong reduction of fiber’s size. In
our opinion, the morphological characteristics
of ipsilateral muscle tissue could depend on
reduction of muscle tension exerted by less
mechanical loading. By contrast, in contralat-
eral side we found a normal muscle tissue’s
structure. 
These results are in accordance with
Piancino et al.,18 who have demonstrated, by
electrognatography and electromyography
techniques, that when chewing on the cross-
bite side, the chewing patterns show a reverse
direction of closure and a reduced activity of
the masseter of the same side, while on the
non-affected side the chewing pattern and the
masseter amplitude are unaltered or
increased. Moreover, we have found that
between the ipsilateral and contralateral mas-
seters there is a difference in numbers of
myonuclei per fibers; in detail we found a
greater number of myonuclei in contralateral
muscle than ipsilateral muscle. Different stud-
ies have suggested that the myonuclei number
in the myofiber play an important role during
the skeletal muscle size adaptation, since dur-
ing muscle hypertrophy the myonuclei number
are increased (probably through fusion of myo-
genic cells) while during muscle atrophy the
total myonuclei number within muscle fibers
are significantly reduced, hypothetically
through apoptosis/necrosis.29,30
On this basis, our results show that the
increase of myonuclei’s number in contralater-
al masseter could be an adaptive hypertrophic
response to the higher work load exercised on
this muscle. That is also supported by results
which show higher number of PAX-7 positive
cells in contralateral side than ipsilateral side.
It is well known that satellite cells are muscle
stem cells located between the sarcolemma
and the basement membrane of the muscle
fiber.31 In humans, satellite cell nuclei are
slightly smaller than muscle nuclei and are
mostly in a quiescent state.32 Satellite cells are
responsible for myonuclear addition during
post-natal muscle growth. In addition, their
proliferation can be evoked following acute
injury33 and in response to muscle overuse and
increased tension.34 Our results suggest that
the higher mechanical loading exercised on
                             Original Paper
Figure 1. Compound panel of hematoxylin-eosin images of contralateral (A, B) and ipsi-
lateral (C, D) masseter muscles. A) Low magnification of contralateral muscle showing
normal and rectilinear fibers morphology. B) High magnification of contralateral muscle
showing high number of nuclei within the fibers and along sarcolemma. C) Low magni-
fication of ispilateral muscle showing non-healthy convolute fibers morphology, some
atrophic fibers (arrowhead). D) Image of ipsilateral muscle showing the loss of contrac-
tile elements within the fiber (asterisk).
Figure 2. Compound panel of three images of immunofluorescence reactions performed
in contralateral masseter muscle. A) Longitudinal section of masseter where it is possible
to observe rectilinear morphology of fibers and the presence of high number of satellite
cells, PAX-7 positive (red channel) which are located between sarcolemma and basal lam-
ina; nuclei are evidenced by DAPI (blue channel); it is also possible to observe the pres-
ence of some PAX-7 positive cells within the fibers (arrowhead). B) Transversal section of
masseter muscle: presence of high number of PAX-7 positive cells around sarcolemma
(red channel). C) Image of single localization reaction for alpha-sarcoglycan: the protein
has been detected uniformly along the fibers (red channel) and also in the satellite cells
(arrowhead). Bars: 20 μm
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contralateral masseter muscle could determine
the satellite cells’ proliferation and myonuclei
donation to existing fibers. The satellite cells
proliferation in contralateral side could be evi-
denced by the increase of PAX-7 positive cells
if compared to the ipsilateral side and myonu-
clei donation is evidenced by the higher num-
ber of myonuclei detected in contralateral side
than ispilateral. 
Immunofluorescence results also show that
all tested sarcoglycans are more expressed in
contralateral muscle than ipsilateral; that is in
accordance with previous study which demon-
strated an increase of muscle specific inte-
grins expression in contralateral muscle of
unilateral posterior crossbite patients where
we have hypothesized that integrins could play
as markers of muscle strength.23 Since a bidi-
rectional signaling between sarcoglycans and
integrins has been found,11 even sarcoglycans
could play as markers of muscle strength. On
these basis we suggest that in unilateral poste-
rior crossbite an hypertrophic response of con-
tralateral masseter takes place; we explain that
by the following events:  we hypothesize that
the major work load exercised on the non-
crossbite side may determine the activation of
satellite cells that would proliferate and give
nuclei to existent fibers; the increase of
myonuclei would determine an improvement
of transcription, according to the myonuclear
domain theory, with a consequent increase of
sarcoglycans which play a key role in sarcolem-
ma stabilization during muscle activity.  At the
same time ipsilateral side show morphological
and protein expression characteristics typical
of atrophic or dystrophic muscle, probably for
the absence of an adequate stimuli. These
results show that in unilateral posterior cross-
bite malocclusion masticatory muscles modify
their morphology depending on the function.
That could be relevant in understanding and
healing of malocclusion disorders. In fact,
masseter of crossbite side seems to have mor-
phological feature which could anticipate
atrophic conditions and the mechanical load
exercised by contralateral muscle on skeletal
structures could long-term worsen skeletal
asymmetries. These results highlight the
importance of early therapeutic or surgeon
intervention in malocclusion disorders, espe-
cially in young patients with unilateral posteri-
or crossbite.
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